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A method for controlling aquatic weeds which comprises
applying a herbicidally effective amount of a solid formula-
tion of at least one compound of formula (I)
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HO 6]

wherein

X is halogen and

R is halogen or C,-C; alkyl,
and/or one or more agriculturally acceptable salts thereof to
the bottom of the aqueous habitat of the aquatic weeds to act
on submersed aquatic weeds and/or their aqueous habitat
containing seeds or other propagating organs of said aquatic
weeds.
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CONTROL OF SUBMERGED AQUATIC
VEGETATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. applica-
tion Ser. No. 12/158,227 now U.S. Pat. No. 9,060,516, which
is the National Stage application of International Application
No. PCT/EP2006/070009, filed Dec. 20, 2006, which claims
the benefit of U.S. Provisional Application Nos. 60/752,906
and 60/802,791, filed Dec. 23, 2005 and May 24, 2006,
respectively; the entire contents of all of the aforementioned
applications are hereby incorporated herein by reference.
This application also claims the benefit of U.S. Provisional
Application No. 61/045,689, filed Apr. 17, 2008; the entire
contents of which are hereby incorporated herein by refer-
ence.

BACKGROUND

The invention belongs to the field of agricultural chemistry
and provides to the art a method for controlling aquatic
weeds. Such weeds clog waterways, plug up waterhandling
equipment, and are often aesthetically unacceptable. They are
cumbersome for fisherman, swimmers, and watersports. The
economic impact for control and management in general and
on recreational areas in particular is estimated to be in the
millions of dollars.

A typical representative for inventively controlled aquatic
weeds is hydrilla that is known as a submersed, very prolific,
mat forming species, which can dominate the aquatic system
that it is present in. High densities of kydrilla interfere with
various water uses.

A typical representative is Hydrilla verticillata.

Therefore, the development of methods for controlling
aquatic weeds, in particular sydrilla, is important.

Generally, aquatic weeds and herbicidal or biological
methods for controlling them are known, for example from L..
W. J. Anderson, Pest Manag. Sci. 59, pages 801-813 (online
2003) or M. D. Netherland et al., Outlooks on Pest Manage-
ment (Pesticide Outlook), pages 100-104 or J. Gallagher and
W. T. Haller, Rev. Weed Sci., 1990, 5, 115-192.

Herbicides that are used for controlling aquatic weeds
should fulfil one or more of the following requirements.

The compounds must be effective and efficient.

They should not be harmful to other plants than the ones to
be controlled, to animals and man.

They are preferably degradable within a reasonable time-
frame and the degradation products are harmless as well.

It is desirable that the compositions comprising the com-
pounds used to control aquatic weeds have a slow activity
and, therefore, less oxygen-depleting for the water. On the
other hand, it may also be desirable that the compositions
have a high activity which allows to eliminate fast-growing
aquatic weeds in a short timeframe.

Langeland et al., “Effficacy of Herbicide Active Ingredi-
ents Against Aquatic Weeds” September (2006), University
of Florida, indicates that 2,4-D and Triclopyr are not recom-
mended for control of iydrilla. Klingman et al., “Aquatic-
Weed Control”, Weed Science Society of America, Cham-
paign, I11., US (1982), pages 383-402 also shows in Table
29-1 that 2,4-D does not provide for control of hydrilla.

WO 2007/071730 discloses that chinolin herbicides, like
quinclorac and quinmerac, provide growth suppression or
control of submersed aquatic weeds in general and of hydrilla
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in particular. Application methods disclosed in this document
aim at a uniform dilution of the active ingredient in the water
body.

According to this document, the herbicides are applied to
the water column in liquid or solid formulations. Even though
the disclosed herbicides are very effective, there is still room
for improvement regarding the control of specific aquatic
weeds or specific conditions.

SUMMARY

It has now been found that the efficacy of quinclorac and
related herbicides can be considerably improved by using a
specific application technique.

The invention therefore provides a method for the control
of aquatic weeds which comprises applying a herbicidally
effective amount of a solid formulation of at least one com-
pound of formula (I)

@

HO 6]

wherein

X is halogen and

R is halogen or C,-C; alkyl,
and/or one or more agriculturally acceptable salts thereof to
the bottom of the aqueous habitat of the aquatic weeds to act
on submersed, preferably bottom rooted, aquatic weeds and/
or their aqueous habitat containing seeds or other propagating
organs of said aquatic weeds.

In a further aspect of the invention there is provided the use
of'a solid formulation composition comprising a herbicidally
effective amount of a compound of formula (I) for controlling
submersed aquatic weeds by application of the solid formu-
lation to the bottom of the aqueous habitat of the aquatic
weeds.

DETAILED DESCRIPTION

Chinoline derivatives in general, and 3,7-dichloroquino-
line-8-carboxylic acid (quinclorac) and 7-chloro-3-meth-
ylquinoline-8-carboxylic acid (quinmerac) in particular, are
known herbicides, which are described for example in U.S.
Pat. No. 4,497,651, U.S. Pat. No. 4,632,696 and U.S. Pat. No.
4,715,889.

Quinclorac is a known herbicide to be used for the protec-
tion of grains in general and of rice in particular. The control
of' weeds in rice is described in a number of publications.

J. Beck, M. Tto, S. Kashibuchi, Quinclorac (BAS 514) and
its Herbicide-Combinations in Transplanted Rice in Japan
in: Proc. 12th Conf. of Asia-Pacific Weed Science Society,
1989, 235-244 describe the control of several weeds which
are typically present in paddy rice such as Echinachloa crus-
galli, Cyperus difformis or Monochoria vaginalis by means of
quinclorac either as a single herbicide or in combination with
several other herbicides.

In J. E. Street, T. C. Mueller, Rice (Otyza sativa) Weed
Control With Soil Applications of Quinclorac in: Weed Tech-
nology, 1993, 7, 600-604 the control of troublesome weeds
with regard to rice growth by application to dry or wet soil is
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described. The weeds under regard have been barnyardgrass
(Echinachloa crus-galli), pitted morningglory (Ipomoea
lacunose) and hemp sesbania (Sesbania exaltata).

The control of a mixture of different weeds in rice by
means of e.g. quinclorac or quinclorac and bensulfuron is
described by M. O. Mabbayad, K. Moody, Herbicide seed
treatment for weed control in wet-seeded rice in: Tropical
Pest Management, 1992, 38(1), 9-12.

The coating of different kinds of granules with quinclorac

is described in M. P. Braverman, Weed Control in Rice (Oryza 10

sativa) with Quinclorac and Bensulfuron Coating of Granu-
lar Herbicides and Fertilizer in: Weed Technology, 1995, 9,
494-498. The weeds under regard have been ducksalad (Het-
eranthera limosa) and junglerice (Echinachloa colona).

A weed generally is an unwanted plant. A plant is described
asunwanted if its presence is not wanted in a particular place.

Aquatic weeds are unwanted plants that have adapted to
living in or on aquatic environments. This includes water as
well as water-saturated soil. Thus, their habitat means the
living space of the plants including but not limited to water
environment like sweet water or salt water sources, either as
moving water or still water. Examples thereof are lakes, riv-
ers, streams, wetlands, ponds, creeks, swamps, canals, reser-
voirs, and ditches. Other examples are marine water environ-
ments like oceans, seas, gulfs, and straits. Examples of
saturated soils are water-saturated fields, in particular paddy
fields.

Aquatic weeds can be further distinguished.

“Emersed aquatic weeds” grow standing out of the water or
in water-saturated soil. A typical representative for an
emersed species is alligatorweed (Alternanthera philoxeroi-
des). Further examples are cattails, bulrushes, and purple
loosestrife.

“Submersed aquatic weeds” grow with all or most of their
vegetative tissue below the water surface. Typical represen-
tatives for submersed species are hydrilla (Hydrilla) and mil-
foil (Myriophyilum). Further examples include coontail, sego
pondweed, southern naiad, Egeria, and Potamogetun species.

“Floating aquatic weeds” float on the water surface.
Examples are duckweeds, waterhyacinth, water-lettuce,
water-fens, and water-lilies.

“Algae” are considered ‘primitive’ plants but are often
incorporated into the generic group of aquatic weeds.

“Controlling of submersed aquatic weeds” means that at
least one submersed aquatic weed is controlled.

As used herein, the term “beneficial aquatic plants” means
sagittaria, pickerelweed, eleocharis, knotgrass, and maiden-
cane.

The term “controlling” in this context means exhibiting
aquatic-herbicidal action. This means that the growth of at
least one aquatic weed species is reduced or suppressed con-
cerning number and/or size of its plants yielding in e.g. lim-
ited growth or death of the weeds.

The symbols in formula (I) are further illustrated in the
following.

Halogen denotes fluorine, chlorine, bromine or iodine.

The alkyl moiety mentioned in the definition of radical R
and possible salts is a collective term for individual enumera-
tions of the individual group members. The hydrocarbon
chain may be straight-chain or branched.

Examples for such meanings are:

C,-C,-alkyl: for example: methyl, ethyl, n-propyl, 1-me-
thylethyl, n-butyl, 1-methylpropyl, 2-methylpropyl and
1,1-dimethylethyl;

C,-Cg4-alkyl: C,-C,-alkyl as mentioned above and also, for
example: n-pentyl, 1-methyl-butyl, 2-methylbutyl,
3-methylbutyl, 2,2-dimethylpropyl, 1-ethylpropyl,
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n-hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl,
1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-me-
thylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-
dimethylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl,
3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-tri-
methylpropyl, 1-ethyl-1-methylpropyl and 1-ethyl-3-
methylpropyl.

The alkoxy moiety mentioned in the definition of possible
salts is a collective term for individual enumerations of the
individual group members. The hydrocarbon chain may be
straight-chain or branched.

Examples for such meanings are:

C,-C,-alkoxy: for example: methoxy, ethoxy, n-propoxy,
1-methylethoxy, n-butoxy, 1-methylpropoxy, 2-methyl-
propoxy and 1,1-dimethylethoxy;

C,-Cs-alkoxy: C,-C,-alkoxy as mentioned above and also,
for example: n-pentoxy, 1-methyl-butoxy, 2-methylbu-
toxy, 3-methylbutoxy, 2,2-dimethylpropoxy, 1-ethyl-
propoxy, n-hexoxy, 1,1-dimethylpropoxy, 1,2-dimeth-
ylpropoxy, 1-methylpentoxy, 2-methylpentoxy,
3-methylpentoxy, 4-methylpentoxy, 1,1-dimethylbu-
toxy, 1,2-dimethylbutoxy, 1,3-dimethylbutoxy, 2,2-
dimethylbutoxy, 2,3-dimethylbutoxy, 3,3-dimethylbu-
toxy, 1-ethylbutoxy, 2-ethylbutoxy, 1,1,2-
trimethylpropoxy,  1-ethyl-1-methylpropoxy  and
1-ethyl-3-methylpropoxy.

In a preferred embodiment of the invention X in compound

of formula (I) is chlorine.

In a further preferred embodiment R in compound of for-
mula (I) is chlorine or C, to C, alkyl.

Particularly preferred R in compound of formula (I) is
chlorine or methyl, especially preferred R is chlorine, also
especially preferred R is methyl.

Particularly preferred are the compounds where X is chlo-
rine and R is chlorine (quinclorac) and where X is chlorine
and R is methyl (quinmerac). Quinclorac is especially pre-
ferred. Further, quinmerac is especially preferred. Com-
pounds having a half life in a body of water of about 50-60
days in water are preferred.

The method according to the invention may comprise
(Ia) one or more compounds of formula (I) in the form of the
free carboxylic acid or
(Ib) one or more agriculturally acceptable salts of compounds
of formula (I) or
(Ic) mixtures comprising two or more compounds chosen
from (la) and (Ib).

In general, those salts of compounds of formula (I) are
suitable, wherein the acidic hydrogen of the carboxylic group
is substituted by a cation and the cation has no adverse effect
on the action of the active compounds.

Preferred cations are the ions of the alkali metals, prefer-
ably of lithium, sodium and potassium, of the alkaline earth
metals, preferably of calcium and magnesium, and of the
transition metals, preferably of manganese, copper, zinc and
iron, furthermore ammonium and substituted ammonium in
which one to four hydrogen atoms are replaced by C,-C,-
alkyl, hydroxy-C,-C,-alkyl, C,-C,-alkoxy-C,-C,-alkyl,
hydroxy-C,-C,-alkoxy-C,-C,-alkyl, phenyl or benzyl, pref-
erably ammonium, methylammonium, isopropylammonium,
dimethylammonium, diisopropylammonium, trimethylam-
monium, tetramethylammonium, tetraethylammonium, tet-
rabutylammonium, 2-hydroxyethylammonium, 2-(2-hy-
droxyethoxy)ethylammonium, di(2-hydroxyeth-1-yl)
ammonium, benzyltrimethylammonium,
benzyltriethylammonium, furthermore phosphonium ions,
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sulfonium ions, preferably tri(C, -C alkyl)sulfonium such as
trimethylsulfonium, and sulfoxonium ions, preferably tri(C, -
C,-alkyl)sulfoxonium.
Another particularly preferred embodiment of the inven-
tion comprises a method of using of compound of formula (1)
for controlling submersed aquatic weeds wherein the aquatic
weeds are tolerant and/or resistant to the herbicide fluridone.
Compounds of formula (I) and/or one or more agricultur-
ally acceptable salts thereof can be used in combination with
one or more other herbicide(s) or an agriculturally acceptable
salt or derivative thereof.
In the following compounds of formula (I) and/or one or
more agriculturally acceptable salts thereof and, where appli-
cable, one or more other herbicide(s) or an agriculturally
acceptable salt or derivative thereof will be designated as
active compounds.
Examples of such other herbicide(s) are the herbicides (a)
selected from the following classes al) to al5):
al) lipid biosynthesis inhibitors;
a2) acetolactate synthase inhibitors (ALS inhibitors);
a3) photosynthesis inhibitors;
a4) protoporphyrinogen-IX oxidase inhibitors;
a5) bleacher herbicides;
a6) enolpyruvyl shikimate 3-phosphate synthase inhibitors
(EPSP inhibitors);
a7) glutamine synthetase inhibitors;
a8) 7,8-dihydropteroate synthase inhibitors (DHP inhibitors);
a9) mitose inhibitors;
al0) inhibitors of the synthesis of long chain fatty acids
(VLCFA inhibitors);
all) cellulose biosynthesis inhibitors;
al2) decoupler herbicides;
al3) auxin herbicides;
al4) auxin transport inhibitors;
al5) other herbicides selected from the group consisting of
benzoylprop, flamprop, flamprop-M, bromobutide, chlor-
flurenol, cinmethylin, methyldymuron, etobenzanid, fos-
amine, metam, pyributicarb, oxaziclomefone, dazomet,
triaziflam, methyl bromide, and endothal;
all including the agriculturally acceptable salts and the agri-
culturally acceptable derivatives thereof (e.g. esters, amides
or N-oxides), provided those herbicides have a group that can
be derivatized, preferably a carboxyl group, an amino group
or a nitrogen atom that can be oxidized, more preferred a
carboxyl group.
Preferred herbicides of groups al) to al5) are the com-
pounds listed below:
al) from the group of the lipid biosynthesis inhibitors:
chiorazifop, clodinafop, clofop, cyhalofop, diclofop,
fenoxaprop, fenoxaprop-p, fenthiaprop, fluazifop, flu-
azifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
metamifop, propaquizafop, quizalofop, quizalofop-P,
trifop, alloxydim, butroxydim, clethodim, cloproxydim,
cycloxydim, profoxydim, sethoxydim, tepraloxydim,
tralkoxydim, butylate, cycloate, diallate, dimepiperate,
EPTC, esprocarb, ethiolate, isopolinate, methiobencarb,
molinate, orbencarb, pebulate, prosulfocarb, sulfallate,
thiobencarb, tiocarbazil, triallate, vernolate, benfure-
sate, ethofumesate, bensulide and pinoxaden;
a2) from the group of the ALS inhibitors:

amidosulfuron, azimsulfuron, bensulfuron, chlorimuron,
chlorsulfuron, cinosulfuron, cyclosulfamuron, ethamet-
sulfuron, ethoxysulfuron, flazasulfuron, flupyrsulfuron,
foramsulfuron, halosulfuron, imazosulfuron, iodosulfu-
ron, mesosulfuron, metsulfuron, nicosulfuron, oxasul-
furon, primisulfuron, prosulfuron, pyrazosulfuron, rim-
sulfuron, sulfometuron, sulfosulfuron, thifensulfuron,
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triasulfuron, tribenuron, trifloxysulfuron, triffusulfuron,
tritosulfuron, imazamethabenz, imazamox imazapic,
imazapyr, imazaquin, imazethapyr, cloransulam, diclo-
sulam, florasulam, flumetsulam, metosulam, penoxsu-
lam, bispyribac, pyriminobac, propoxycarbazone, flu-
carbazone, pyribenzoxim, pyriftalid, pyrithiobac,
flucetosulfuron, orthosulfamuron, pyrimisulfan;
a3) from the group of the photosynthesis inhibitors:
atraton, atrazine, ametryne, aziprotryne, cyanazine, cyana-
tryn, chlorazine, cyprazine, desmetryne, dimetham-
etryne, dipropetryn, eglinazine, ipazine, mesoprazine,
methometon, methoprotryne, procyazine, proglinazine,
prometon, prometryne, propazine, sebuthylazine,
secbumeton, simazine, simeton, simetryne, terbumeton,
terbuthylazine, terbutryne, trietazine, ametridione,
amibuzin, hexazinone, isomethiozin, metamitron,
metribuzin, bromacil, isocil, lenacil, terbacil, brompy-
razon, chloridazon, dimidazon, desmedipham, phen-
isopham, phenmedipham, phenmedipham-ethyl, benz-
thiazuron, buthiuron, ethidimuron, isouron,
methabenzthiazuron, monoisouron, tebuthiuron, thiaz-
afluoron, anisuron, buturon, chlorbromuron, chloretu-
ron, chlorotoluron, chloroxuron, difenoxuron, dimefu-
ron, diuron, fenuron, fluometuron, fluothiuron,
isoproturon, linuron, methiuron, metobenzuron, meto-
bromuron, metoxuron, monolinuron, monuron, nebu-
ron, parafiuoron, phenobenzuron, siduron, tetraffuoron,
thidiazuron, cyperquat, diethamquat, difenzoquat,
diquat, morfamquat, paraquat, bromobonil, bromoxynil,
chloroxynil, iodobonil, ioxynil, amicarbazone, bro-
mofenoxim, flumezin, methazole, bentazone, propanil,
pentanochlor, pyridate, and pyridafol;
a4) from the group of the protoporphyrinogen-IX oxidase
inhibitors:
acifluorfen, bifenox, chlomethoxyfen, chlornitrofen,
ethoxyfen, fluorodifen, fluoroglycofen, fluoronitrofen,
fomesafen, furyloxyfen, halosafen, lactofen, nitrofen,
nitrofluorfen, oxyfluorfen, fluazolate, pyrafiufen, cini-
don-ethyl, flumiclorac, flumioxazin, flumipropyn,
fluthiacet, thidiazimin, oxadiazon, oxadiargyl, azafeni-
din, carfentrazone, sulfentrazone, pentoxazone, ben-
zfendizone, butafenacil, pyraclonil, profluazol, flufen-
pyr, flupropacil, nipyraclofen, etnipromid, and
bencarbazone;
a5) from the group of the bleacher herbicides:
metflurazon, norflurazon, flufenican, diflufenican, picolin-
afen, beflubutamid, fluridone, fluorochloridone, flurta-
mone, mesotrione, sulcotrione, isoxachlortole, isoxaflu-
tole, benzolenap, pyrazolynate, pyrazoxyfen,
benzobicyclon, amitrole, clomazone, aclonifen, 4-(3-
trifluoromethyl-phenoxy)-2-(4-trifluoromethylphenyl)
pyrimidine, known from EP 723960, topramezone,
4-hydroxy-3-{[2-methyl-6-(trifluoromethy1)-3-pyridi-
nyl]carbonyl }bicyclo[3.2.1]oct-3-en-2-one, known
from WO 00/15615, 4-hydroxy-3-{[2-(2-methoxy-
ethoxy )methyl-6-(trifluoro-methyl)-3-pyridinyl]
carbonyl}bicylo[3.2.1]oct-3-en-2-one, known from
WO 01/94339, 4-hydroxy-3-[4-(methylsulfonyl)-2-ni-
trobenzoyl|bicyclo[3.2.1]-oct-3-en-2-one, known from
EP 338992, 2-[2-chloro-4-(methylsulfonyl)-3-[(2,2,2-
trifluoroethoxy)methyl|benzoyl]-3-hydroxy-2-cyclo-
hexen-1-one (known from DE 19846792), and pyrasul-
fotole;
a6) from the group of the EPSP synthase inhibitors: glypho-
sate;
a7) from the group of the glutamine synthase inhibitors: glu-
fosinate and bilanaphos;
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a8) from the group of the DHP synthase inhibitors: asulam;
a9) from the group of the mitose inhibitors:

benfluralin, butralin, dinitramine, ethalfluralin, fluchlo-

ralin, isopropalin, methalpropalin, nitralin, oryzalin,
pendimethalin, prodiamine, profluralin, trifluralin, ami-
profos-methyl, butamifos, dithiopyr, thiazopyr, pro-
pyzamide, tebutam, chlorthal, carbetamide, chlorbufam,
chlorpropham and propham;
al0) from the group of the VLCFA inhibitors:
acetochlor, alachlor, butachlor, butenachlor, delachlor,
diethatyl, dimethachlor, dimethenamid, dimethenamid-
P, metazachlor, metolachlor, S-metolachlor, preti-
lachlor, propachlor, propisochlor, prynachlor, ter-
buchlor, thenylchlor, xylachlor, allidochlor, CDEA,
epronaz, diphenamid, napropamide, naproanilide,
pethoxamid, flufenacet, mefenacet, fentrazamide, anilo-
fos, piperophos, cafenstrole, indanofan and tridiphane;
all) from the group of the cellulose biosynthesis inhibitors:
dichlobenil, chlorthiamid, isoxaben and flupoxam;
al2) from the group of the decoupler herbicides:
dinofenate, dinoprop, dinosam, dinoseb, dinoterb, DNOC,
etinofen and medinoterb;
al3) from the group of the auxin herbicides:
clomeprop, 2,4-D, 2,4,5-T, MCPA, MCPA thioethyl,
dichlorprop, dichlorprop-P, mecoprop, mecoprop-P,
2,4-DB, MCPB, chloramben, dicamba, 2,3,6-TBA, tri-
camba, clopyralid, fluoroxypyr, picloram, triclopyr,
benazolin and aminopyralid;
al4) from the group of the auxin transport inhibitors: napta-
lam, diflufenzopyr;
al5) benzoylprop, flamprop, flamprop-M, bromobutide,
chlorflurenol, cinmethylin, methyldymron, etobenzanid,
fosamine, metam, pyributicarb, oxaziclomefone, dazomet,
triaziflam, methyl bromide, endothal;
all of the foregoing al) to al5) including the agriculturally
acceptable salts if the herbicides have functional groups
which can be ionised, in particular carboxyl groups, and,
provided those herbicides have a group that can be deriva-
tized, preferably a carboxyl group, an amino group or a nitro-
gen atom that can be oxidized, in particular a carboxyl group,
the agriculturally acceptable derivatives of the respective her-
bicides, preferably esters, amides or N-oxides.

The herbicides of groups al) to al5) are known herbicides,
see the quoted literature references and, for example, The
Compendium of Pesticide Common Names (http://www.hcl-
rss.demon.co.uk/index.html); Farm Chemicals Handbook
2000 Vol. 86, Meister Publishing Company, 2000; B. Hock,
C. Fedtke, R. R. Schmidt, Herbizide, Georg Thieme Verlag,
Stuttgart 1995; W. H. Ahrens, Herbicide Handbook, 7% Edi-
tion,

Weed Science Society of America, 1994; K. K. Hatzios,
Herbicide Handbook, Supplement to 7% Edition, Weed Sci-
ence Society of America, 1998, and C. D. S. Tomlin, The
Pesticide Manual, 137 ed., BCPC, Farnham 2003.

The categorization of the herbicides according to their
mode of action is based on current understanding. If a herbi-
cide acts by more than one mode of action, this substance was
assigned to only one mode of action.

If the compound (I) and/or one or more agriculturally
acceptable salts thereof or the herbicides (a), are capable of
forming geometrical isomers, for example E/Z isomers, it is
possible to use both the pure isomers and mixtures thereof in
the compositions according to the invention.

If the compound (I) and/or one or more agriculturally
acceptable salts thereof or the herbicides (a) have one or more
centers of chirality and, as a consequence, are present as
enantiomers or diastereomers, it is possible to use both the
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pure enantiomers and diastereomers and their mixtures in the
compositions according to the invention.

If the herbicides (a) are in form of their anionic salts,
preferred cations are the same as for the anionic salts of
compounds of formula (I).

If the herbicides (a) are in form of their cationic salts,
preferred anions are primarily chloride, bromide, fluoride,
iodide, hydrogen sulfate, methyl sulfate, sulfate, dihydrogen
phosphate, hydrogen phosphate, nitrate, dicarbonate, carbon-
ate, hexafluorosilicate, hexafluorophosphate, benzoate and
the anions of C,-C,-alkancic acids, preferably formate,
acetate, propionate and butyrate.

According to the invention, active compounds which carry
a group that can be derivatized, preferably a carboxyl group,
an amino group or a nitrogen that can be oxidized, in particu-
lar a carboxyl group can, instead of the active compounds
mentioned above, also be employed in the form of an agri-
culturally acceptable derivative, for example as amides such
as mono- or di-C,-Cg-alkylamides or arylamides, as esters,
for example as allyl esters, propargyl esters, C,-C,,-alkyl
esters or alkoxyalkyl esters, and also as thioesters, for
example as C,-C, ,-alkyl thioesters.

Preferred mono- and di-C, -Cg-alkylamides are the methyl-
and the dimethylamides.

Preferred arylamides are, for example, the anilidines and
the 2-chloroanilides. Preferred alkyl esters are, for example,
the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,
mexyl (1-methylhexyl) or isooctyl (2-ethylhexyl) esters. Pre-
ferred C,-C,-alkoxyC, -C,-alky] esters are the straight-chain
or branched C, -C,-alkoxyethyl esters, for example the meth-
oxyethyl, ethoxyethyl or butoxyethyl esters. An example of
the straight-chain or branched C,-C,,-alkyl thioesters is the
ethyl thioester.

Inbinary compositions which comprise compounds of for-
mula (I) and at least one herbicide (a), the weight ratio of the
compounds of formula (I):herbicide (a) is usually in the range
from 1:500 to 10:1, preferably in the range from 1:100 to
10:1, in particular in the range from 1:50 to 10:1 and particu-
larly preferably in the range from 1:25 to 5:1.

Regarding combinations of compounds of formula (1) and
herbicides (a), preference is given to those compositions of
the invention which comprise compounds of formula (I) in
combination with at least one, preferably exactly one, herbi-
cidally active compound selected from the group consisting
of' a2) ALS inhibitors, preferably imazapyr and imazomox;
a5) bleacher herbicides, preferably fluridone; al13) auxin her-
bicides; al4) auxin transport inhibitors, preferably diflufen-
zopyr; and al5) endothal.

Particularly preferred are imazomox and fluridone, espe-
cially the combinations quinclorac+imazomox, quinclorac+
fluridone, quinmerac+imazomox and quinmerac+fluridone.

For application ready-to-use preparations in the form of
solid formulations are generally employed. In principle, any
kind of solid formulation is possible, where the particle sinks
to the bottom of the water body, e.g. a pond, that is treated.

The formulations are applied, for example, in the form of
granules directly to the surface of the water body that is to be
treated, in a way that allows them to sink to the bottom.

Depending on the form in which the ready-to-use prepara-
tions are present, they comprise one or more solid carriers, if
appropriate surfactants and if appropriate further auxiliaries
which are customary for formulating crop protection prod-
ucts. The person skilled in the art is sufficiently familiar with
the recipes for such formulations. The ready-to-use prepara-
tions may comprise auxiliaries, which are customary for for-
mulating crop protection products.
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Generally suitable for use as solid formulation in the
method of the invention are granules (prills), agglomerates,
pellets, microcapsules, capsules, tablets, powders and dusts,
provided they are able to sink to the bottom of the water body
to be treated.

Granules, pellets, microcapsules, capsules and tablets are
preferred, granules are particularly preferred.

Powders and dusts can be prepared by mixing or concomi-
tant grinding of the active compounds with a solid carrier.

Granules, e.g. granules coated by active compound(s),
granules impregnated by active compound(s) and granules
wherein the active compound(s) are homogenously distrib-
uted, can be prepared by binding the active compound(s) to
solid carriers. Solid carriers are mineral earths such as silicas,
silica gels, silicates, talc, kaolin, limestone, lime, chalk, bole,
loess, clay, dolomite, diatomaceous earth, calcium sulfate,
magnesium sulfate, magnesium oxide, ground synthetic
materials, and products of vegetable origin such as cereal
meal, tree bark meal, wood meal and nutshell meal, cellulose
powders, or other solid carriers.

The binding can be achieved e.g. by means of immersion,
spraying or extrusion.

Pellets, microcapsules, capsules and tablets can be pre-
pared by methods known to those skilled in the art and
described, e.g. in H. Mollet, A. Gubenmann, Formulation
Technology, Chapt. 6 and 12, Wiley-VCH, Weinheim 2001.

Preferred are granules, pellets, capsules and tablets, spe-
cifically granules, which are preferably applied directly indry
form, e.g. with granule applicators mounted on boats or heli-
copters.

Preferably, the solid formulation does not include any sub-
stantial amount of an adjuvant. Adjuvants include antifoams,
thickeners, wetters, stickers, surfactants, dispersants, emulsi-
fiers, bactericides and/or thixotropic agents.

The concentrations of the active compound(s) in the ready-
to-use preparations can be varied within wide ranges. In gen-
eral, the formulations comprise from 0.001 to 98% by weight,
preferably 0.01 to 95% by weight, of active compound(s).
The active compound(s) are preferably employed in a purity
of from 90% to 100%, preferably 95% to 100% (according to
NMR spectrum).

Commercially available solid formulations of quinclorac
can be used for the inventive method, such as Paramount®
75DF, Facet® 75 DF and Drive® 75 DF (waterdispensable
granules, available from BASF Corporation).

The compounds of formula (I) and/or one or more agricul-
turally acceptable salts thereof and/or herbicide(s) (a) can be
formulated jointly or separately. The compounds of formula
(D and/or one or more agriculturally acceptable salts thereof
and/or herbicide(s) (a) can be applied jointly or separately,
simultaneously or successively, before, during or after
appearance of the aquatic weeds.

The required application rate of the pure compounds (I)
and/or one or more agriculturally acceptable salts thereof,
optionally in combination with a further herbicide (a) without
formulation auxiliary, depends on the density of the undesired
vegetation, on the development stage of the plants, on the
water-movement, on the climatic conditions of the location
where the composition is used and on the application method.
In general, the applicationrate is from 1 to 1000 ppb (parts per
billion), preferably from 10 to 500 ppb and in particular from
250 to 500 ppb of active compound(s).

According to the invention, a solid formulation comprising
a compound of formula (I) is applied to the bottom of the
aqueous habitat of the bottom rooted aquatic weeds to be
controlled. Application to the bottom is generally achieved by
applying a solid formulation to the surface water that sinks to
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the bottom or floor of the body of water, before a substantial
part of the active ingredient is diluted in the water.

The solid formulation is applied to the water body as either
a surface or subsurface application. Surface applications are
preferred. Application can be carried out by customary appli-
cation techniques using, for example, granules that are gen-
erally poured directly into the aqueous habitat of the aquatic
weed, and, preferably are distributed, e.g. by employing the
motor blade of the boat from which the granules are applied.
The density of the solid formulation, preferably granules, is
chosen to ensure that the granules sink to the bottom of the
aqueous habitat.

Application of the solid formulation is generally carried
out from a boat, a plane, from the bank of a water body (in
case of small ponds) or—in the case of shallow water—by a
suitable vehicle or a person carrying the application equip-
ment. In general, and contrary to prior applications of com-
pounds of formula (I) to control aquatic weeds, the solid
formulation is applied directly in dry and solid form to the
water, i.e. without prior dilution, dispersion or dissolution in
a liquid medium, in particular an aqueous medium. In this
way, sedimentation of the solid formulation is improved.

The method of the invention overcomes the problem of
penetrating the thermal cline, i.e. the layer between the water
heated at the surface by the sunrays and the cold layer that sits
below the surface.

Application of the solid formulation to the bottom of the
water body brings the herbicide in contact with the soil sedi-
ment and the lower portions of the submersed aquatic weeds,
such as hydrilla (Hydrilla verticillata), Mexican waterlily
(Nymphaea Mexicana) and coontail (Ceratophyllum demer-
sum). It is believed that bringing the solid formulation in
contact with the soil sediment leads to a certain uptake of the
active ingredient through the roots, tubers, and turions of the
aquatic weeds, which can improve the efficacy.

When applying a solid formulation of a compound of for-
mula (1) and/or an agriculturally acceptable salt thereof by the
method according to this invention the aquatic weeds in gen-
eral are controlled slowly, meaning the biomass of the aquatic
weeds in aqueous systems, for example ponds, lakes, creeks,
rivers or swamps is declining slowly and gradually. This is a
big advantage compared to other herbicides for control of the
aquatic weeds for example the herbicide endothall—which is
also used in controlling the aquatic weeds and which exhibits
very rapid, contact control of the aquatic weeds. Rapid, con-
tact biomass reduction under high infestation levels is in
general undesirable in that it for example can lead to rapid
oxygen depletion in the aqueous system, which then may lead
for example to significant fish mortality. Compounds provid-
ing for a slow rate of biomass reduction sufficient to maintain
anaverage oxygen level of atleast 5 mg/L in the body of water
measured at a depth of about 1 meter about 30 days after
application are preferred. Oxygen level testing is determined
using a polarographic dissolved oxygen sensor. Several
samples should be taken from several locations away from the
shoreline in non-stagnant regions over a period of several
hours to determine an average oxygen level.

A preferred embodiment of the invention comprises a
method of using compounds of formula (I), specifically quin-
clorac, for controlling kydrilla, especially preferred Hydrilla
verticillata.

When the inventive method (for controlling of submersed
aquatic weeds) is applied in the presence of emersed aquatic
weeds and/or floating aquatic weeds and/or algae, (simulta-
neous) controlling of emersed aquatic weeds and/or floating
aquatic weeds and/or algae may (also) take place.
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A further embodiment of the invention comprises allowing
a herbicidally effective amount of compounds of formula (I)
and/or one or more agriculturally acceptable salts thereof to
act on the submersed aquatic weeds and/or its aqueous habitat
containing seeds or other propagating organs of said aquatic
weed in the presence of rice plants.

For a more clear understanding of the invention, specific
examples are set forth below. These examples are merely
illustrations and are not to be understood as limiting the scope
and underlying principles of the invention in any way. Various
modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the following examples and foregoing description.
Such modifications are also intended to fall within the scope
of the appended claims.

Examples

Dry prills of quinclorac (commercial formulation Drive®
75 DF) were poured directly into a pond in front of the motor
blade. This technique allowed the prills to be dispersed by the
propellers and sinks to the bottom of the pond, penetrating the
thermal layer, and placing the herbicide in contact with the
pond soil sediment and the lower portions of the Mexican
waterlily (Nymphaea Mexicana), coontail (Ceratophyllum
demersum) and hydrilla (Hydrilla verticallata). Three ponds
of coontail were treated with 100, 100 and 200 ppb. Two
hydrilla ponds were treated with 50 and 500 ppb. One Mexi-
can waterlily pond was treated with 200 ppb.

Complete control was measured by the end of the growing
season (40 weeks after treatment) and into the following year.

Results significantly surpassed liquid injection treatments
at the same or similar rates, where a liquid formulation was
applied with an airboat and underwater trailing hoses.

The invention claimed is:

1. A method for controlling submersed aquatic weeds
selected from the genus of Aydrilla or from the genus of
milfoil which comprises administering to a body of water a
herbicidally effective amount of from 1 to 500 ppb of a solid
formulation of at least one compound of formula (I)
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R is halogen or C,-C; alkyl,

and/or one or more agriculturally acceptable salts thereof,
wherein the solid formulation sinks to the bottom of the
aqueous habitat of the aquatic weeds to act on the sub-
mersed aquatic weeds and/or their aqueous habitat con-
taining seeds or other propagating organs of said aquatic
weeds.

2. The method according to claim 1, wherein the sub-
mersed aquatic weeds are selected from the genus of hydrilla.

3. The method according to claim 1, wherein the sub-
mersed aquatic weeds are selected from the genus of milfoil.

4. The method according to claim 1, wherein the compound
of formula (1) is selected from quinclorac and quinmerac.

5. The method according to claim 4, wherein the compound
of formula (I) is quinclorac.

6. The method according to claim 1, where the formulation
is selected from granules, pellets, microcapsules, capsules,
tablets, powders and dusts.

7. The method according to claim 4, where the formulation
is in granular form.

8. The method according to claim 1, where the solid for-
mulation is applied to the surface of the aqueous habitat and
allowed to penetrate the thermal cline and sink to the bottom.

9. The method according to claim 1, where the solid for-
mulation is applied in dry form.

10. The method according to claim 1, wherein the solid
formulation is applied from a boat or helicopter.

11. The method according to claim 1, wherein the com-
pound of formula (I) has a half-life in a body of water of about
50 to 60 days.

12. The method according to claim 1, wherein the aquatic
weeds are tolerant and/or resistant to the herbicide fluridone.

13. The method according to claim 1, wherein a herbicid-
ally effective amount of compounds of formula (1) and/or one
or more agriculturally acceptable salts thereof are used in
combination with at least one other herbicide.

14. The method according to claim 1, wherein beneficial
aquatic plants are not controlled when the compound of for-
mula (I) is administered to a body of water at 500 ppb or less.

15. The method according to claim 1, wherein substantially
no amount of adjuvant is included in the solid formulation.

16. The method according to claim 1, wherein application
of'the compound of formula (I) to a body of water results in a
slow rate of biomass reduction sufficient to maintain an aver-
age oxygen level of at least 5 mg/LL in the body of water
measured at a depth of about 1 meter about 30 days after
application.

17. The method according to claim 5, further comprising
applying imazomox in combination with quinclorac.

18. The method according to claim 4, further comprising
applying imazomox in combination with quinmerac.
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